Background: Providing appropriate support and care for end-of-life patients and their relatives is a major concern and a daily responsibility for intensivists. Bereaved relatives of non-surviving patients in intensive care units (ICUs) often suffer from prolonged grief, posttraumatic stress disorder, anxiety, and depression. A physician-driven intervention, consisting of three meetings with the family, might reduce the post-ICU burden of bereaved family members 6 month after death. The patient's nurse is actively involved at each step. We hypothesize that this strategy will improve communication in the end-of-life setting and thus, should reduce the post-ICU burden for family members, specifically the development of prolonged grief 6 months after the death.
Background

End-of-life and family burden
Providing appropriate support and care for end-of-life (EOL) patients and their relatives is a major concern for intensivists and, with a mortality rate of 20%, it has become a daily responsibility. Among those deaths, over 60% follow a decision to withhold or withdraw treatment [1] . In these situations, physicians, nurses, and relatives must work together towards the most consensual decision. In an intensive care unit (ICU), relatives are no longer simple visitors: they play active roles both at the patient's bedside and with the team, thus creating a complex and unprecedented interaction. Caring for relatives is now considered one of the responsibilities of an ICU caregiver [2] .
In this context, patients' relatives feel vulnerable and, in the months that follow the death, they are at high risk of presenting symptoms that negatively affect their quality of life, such as anxiety, depression, posttraumatic stress disorder (PTSD) symptoms [3, 4] , and complicated grief. In a recent study [1] , 52% of relatives presented complicated grief symptoms 6 months after the patient's death, a fivefold higher frequency compared with the general population [5, 6] . The post-ICU burden is very high in bereaved relatives and requires specific attention.
The importance of communication
Many studies have shown that communication with caregivers is one of the most highly valued aspects of care [7] [8] [9] . It impacts family members' experience during the patient's stay and after the patient's death. Communication perceived as inconsistent, unsatisfactory, or uncomforting is associated with a higher risk of presenting with post-ICU burden [10] . The risk of presenting with PTSD-related symptoms increases when bereaved relatives feel that information is incomplete [4] . Discordance between family members' preferences for decision-making and their actual decision-making roles is associated with a higher risk of presenting with PTSD symptoms [11] . Bereaved relatives reporting poor quality of communication are more at risk of developing complicated grief and PTSD-related symptoms [1] .
Communication is an essential component of family support and can be both verbal and nonverbal. The quality of information is crucial in the ICU context, but physicians' and nurses' attitudes and their ability to express empathy, comfort, and reassurance also significantly affect relatives' experience. Indeed, relatives who experienced the physician's attitude as non-comforting are at higher risk of developing a post-ICU burden or complicated grief [12] . Effective listening is an important aspect of communication. During family meetings, ICU physicians often miss opportunities to listen and respond to the needs of the next of kin [13] . In a study by Selph and colleagues, there was a significant positive correlation between the number of empathic statements made during family conferences and the degree of family satisfaction with communication [14] .
Support for family members
Support for family members is a core function of palliative care. The need to improve communication during the EOL process in the ICU context is recommended in palliative care and family-centered care guidelines [15] [16] [17] . Effective communication, empathetic attitudes, and personalized interactions with a patient's family can improve the bereaved family's long-term psychological outcomes [18] . Rather than being considered as passive visitors, relatives are encouraged to become active partners in EOL decision-making and care, creating opportunities for empowerment.
Communication is important throughout the patient's ICU stay, from their admission to their death. Moreoever, communication surrounding EOL is crucial. During this period, relatives undergo considerable distress. Their experience resembles a vortex [19] : a downward spiral of prognoses, difficult decisions, feelings of inadequacy, difficulties in saying good-bye, ending with the loss of the loved one despite the technical efforts of the ICU. Communication may be the most important factor in EOL care in ICUs [20] .
Three communication opportunities
Based on our experience, in the EOL process, there are three critical communication opportunities with relatives of patients dying after a decision to withhold or withdraw life-sustaining treatment. This randomized trial intends to target each of these three stages specifically.
First, there should be an interview to prepare the relatives for the patient's imminent death and to elicit their understanding of the situation [21] . The death of a loved one can create feelings such as fear, relief, panic, or disbelief, and relatives need opportunities to express their feelings and emotions and to discuss the organization of the dying process (spiritual beliefs and needs, possible involvement in the patient's care, and their presence at the time of death) [22] [23] [24] [25] . Attentive listening is a key component of EOL interviews. In this study, this step is an extension of the VALUE approach [21, 26] , updated by findings from recent research [1, 27] .
The second opportunity occurs during the dying and death process. Dying after implementing a decision to withhold or withdraw treatment can take time, time during which relatives are often at the patient's bedside. For families, being present during the dying period is a complex experience. Relatives seek intimacy but also need explanations and reassurance [8] . A room visit from the physician and from the nurse gives opportunities for families to express their feelings and ask specific questions concerning the following [15] : spiritual beliefs, tenets of palliative care, the expected time of death, and their possible role in the patient's care [28] . Some relatives need guidance as to what is the best way to support the person who is dying. Caregivers can encourage the relative to touch the patient, to close the curtains, or to do whatever may be appropriate in that specific situation.
The third opportunity is a post-death encounter [29] . In a qualitative study by Nelson and colleagues, relatives who experienced clinicians as supportive during the ICU stay nonetheless perceived an abrupt and distressing shift at the time of death [8] . Many relatives often have questions regarding the patient's stay, the patient's illness, and the patient's death. No answers to these questions can hinder the grieving process. Furthermore, during the patient's stay, relatives develop relationships with the staff, physicians, and nurses, and need an opportunity to say good-bye to them. Closure with the team that cared for the patient permits grieving [30] .
ICU caregivers have a great deal of responsibility in facilitating relatives' involvement and in limiting their stress and difficulties. Results from various studies show that relatives' satisfaction depends on the attitude of the caregivers as well as on good communication, good listening, and good information [31] . Communication at the EOL is a process that cannot be reduced to one interview. Providing multiple opportunities for relatives to ask questions, to express emotions, and to find comfort and support is an important aspect of palliative care.
In this randomized controlled trial, we will study efforts to integrate palliative care communication in intensive care more effectively and efficiently and will document any improvement using valid and responsive outcome measures.
Meeting palliative needs in the ICU
There have been several studies suggesting that interventions to improve communication in the ICU could improve EOL care. To date, only very few intervention studies have examined patient-or family-centered outcomes. The first [21] focused on family conferences before the patient's death. This positive randomized trial demonstrated that a proactive family conference and a bereavement pamphlet for relatives reduce post-traumatic stress symptoms 3 months after the death. However, 45% of relatives still presented with PTSD-related symptoms in the intervention group (compared to 69% in the control group), leaving space for more improvement.
The second [32] focused on clinician training. This negative cluster-randomized trial targeted five components of clinical care: clinician education, local champions, academic detailing, clinician feedback of quality data, and system supports. It showed no improvement in quality of dying and no change in ICU length of stay prior to death or time from ICU admission to withdrawal of life-sustaining measures. This shows that improving ICU EOL care requires interventions with more direct contact with patients and family, as in the previous study.
A third more recent study [33] showed that family informational and emotional support meetings led by palliative care clinicians does not improve family anxiety and depression; it may even increase PTSD symptoms. These findings do not support routine or mandatory palliative care-led discussion of the goals of care for all families of patients with a chronic critical illness.
For the first time, we propose a study with a direct ICU physician-driven intervention during the dying and death period, the most crucial time for family members. We designed a three-step physician-driven support strategy that consists of three meetings with the relative: one before, one during, and one after the patient's death. The patient's nurse is actively involved at each step.
Hypothesis
We hypothesize that this strategy will improve communication in the EOL setting and thus, should reduce the post-ICU burden for family members, specifically the development of prolonged grief 6 months after the death.
Methods/design
The COSMIC-EOL trial (Communication Strategies and Measures in Intensive Care at End of Life) is a prospective, multicenter, cluster randomized controlled trial. Centers are allocated to two parallel arms: (1) intervention centers where relatives benefit from three-step physician-driven support during the dying and death process and (2) control centers where, during the dying and death process, relatives receive the standard of care practice. This design was used to reduce the effect of intervention contamination, given that it involves training and education of health professionals to improve patient care.
Objectives
This study aims to assess whether a three-step physician-driven support strategy during the dying and death process in the ICU can reduce patients' relatives' symptoms of prolonged grief 6 months after the patient's death.
Secondary objectives are to evaluate in both groups of relatives: their experience of dying and death in the ICU; their satisfaction with EOL communication (specifically their rapport with the physician); and the impact on them of the three-step physician-driven support during the dying and death process on symptoms of anxiety, depression, and PTSD 1, 3, and 6 months after the death.
Study setting
The study will take place at 36 ICUs in France (Additional file 1).
Eligibility criteria
ICUs with ≥8 beds, a ratio of 1/2.5 nurses per patient, and 24 × 7 medical coverage were eligible. Participating centers were selected from (1) the Famiréa network, based on previous and repeated participation in Famiréa studies and (2) a list of centers that had never participated in Famiréa studies. Famiréa is a French research group that aims to study family members' experience both during and after the patient's ICU stay to improve practices, specifically communication skills and EOL care. Since its creation 20 years ago, it has promoted research into family-centered care in a network of ICUs that strive to put into practice the findings of published studies.
The study population consists of bereaved family members after the death of an adult patient in an ICU who fulfil all the inclusion criteria and none of the exclusion criteria.
Relatives of patients who meet the following criteria are included: patient >18 years who died in an ICU after a decision to withhold or withdraw treatment and ICU length of stay ≥2 days. To be included, relatives must be available to give consent to participate in the study. Relatives who do not understand, read, or speak French or who refuse to participate are excluded, as well as relatives of organ donor patients (as these relatives benefit from specific support and adapted communication by the transplant coordination teams).
As in previous Famiréa studies [1, 4, 21] , only one family member is included. This family representative is the designated health-care proxy. In their absence, this is the family member most involved in the relationship with the ICU team, or by default is the spouse (or partner). In their absence, it is the parents or children of the patient, then another member of the family.
Methodology
This protocol follows the Standard Protocol Items: recommendations for interventional trials (SPIRIT) checklist (Additional file 2). The SPIRIT recommended schematic diagram detailing the schedule of enrolment, interventions and assessments is provided as Fig. 1 .
Randomization
Participating centers are assigned by simple random allocation to one of the two groups in a 1:1 ratio. Each subject is treated according to the strategy allocated to the center (Fig. 2) . The randomization between the two parallel groups of centers was centrally generated by a statistician not involved in the study using permuted and balanced blocks of non-released size. Randomization is stratified using recruitment period, and also on centers' previous participation in Famiréa studies (experienced vs. new centers).
Relatives are included after the decision to withhold or withdraw treatment has been made using a signed consent form approved by the institutional review board. Relatives who consent to participate are contacted by phone three times: 1, 3, and 6 months after the patient's death. All telephone calls are done by trained sociologists and psychologists from the Famiréa group. Telephone interviewers are blinded (control vs. intervention). The estimated duration of each call 1, 3, and 6 months after the patient's death is 40 min, 30 min, and 30 min, respectively.
Study arms
Intervention pertains to the cluster and individual participant level.
In the control group, the bereaved relatives receive usual care during the dying and death process. In the intervention group, the bereaved relatives receive the three-step physician-driven support during the dying and death process. Relatives attending control or intervention centers are followed up by the Famiréa research group using telephone interviews 1, 3, and 6 months after the death to complete the questionnaires. This method has been validated in numerous follow-up studies of bereaved relatives [1, 4, 21] .
The control centers manage the EOL process and communication with relatives using their standard of care. In these centers, EOL care is described for each patient in the patient's characteristics form, which is used to record those who spontaneously benefited from a family conference, from a room visit during the dying and death process, or from a post-death meeting.
The intervention centers implement the three-step physician-driven support strategy. In these centers, prior to patient recruitment, the three-step communication strategy is presented to caregivers using video support. The team (physicians and nurses) then attend interactive educational meetings to set the importance of EOL communication. These meetings are led by members of the Famiréa research group and will cover themes such as family experience in the ICU and their experience of EOL, the impact of the ICU experience on bereaved relatives, communication in the EOL context, what families recall 1 year after the patient's death, what caregivers can do to improve families' experience and alleviate their burden, etc. All caregivers receive a leaflet about the importance of EOL communication. This lists the key elements (the impact of communication on a family's post-ICU burden) and recommendations regarding verbal and nonverbal communication. As recommended in the literature on implementing guidelines [34] [35] [36] , a local champion (or opinion leader) is designated by each team to help implement the strategy. An implementation phase of one month is required for the team to test and to get accustomed to the intervention as well as to discuss difficulties with the principal investigator.
Centers implement the three-step physician-driven support for a family after a decision to withhold or withdraw life-sustaining therapies, as shown in Table 1 . The intervention is accompanied by a fidelity checklist to control adherence to the protocol.
In two of the intervention centers, an outsider observer (a sociologist) will observe clinical practices and meetings with the family members at steps 1, 2, and 3. The aims are (1) to complete the checklists independently and compare them with those completed by caregivers and (2) to observe nonverbal communication (voice, touch, and distance), such as the synchronization 
Outcomes
Outcomes are at the individual patient level. The primary outcome is the Prolonged Grief 13-item questionnaire (PG-13) [37] , completed 6 months after the patient's death. The PG-13 measures five criteria for prolonged grief disorder: event (bereavement); separation distress; duration (i.e., >6 months since the bereavement); cognitive, emotional, and behavioral symptoms; and social or occupational impairment. The score range is 11-55 and a score of 36 or more is a clinical indicator of prolonged grief disorder. In addition, all five criteria must be met.
Secondary outcomes
The secondary outcomes are the following scales: -CAESAR scale [38] : Experience of the patient's dying and death (1 month after patient's death). It determines the family member's experience of EOL. There are three categories of responses:
Difficult experience, low scores ≤59 Moderate experience, scores ranging between 60 and 68 Good experience, high scores ≥69 -QODD-1 -Quality of Dying and Death [39] : One question evaluating global satisfaction with the quality of dying and death (1 month after patient's death) -MISS-21 -Medical Interview Satisfaction Scalethe Rapport Subscale only (1 month after the patient's death) [40] -HADS -Hospital Anxiety and Depression Scale [41] (1, 3, and 6 months after the patient's death): There are two subscales, anxiety and depression. Scores for each subscale range from 0 to 21, categorized as follows: normal 0-7 mild 8-10 moderate to severe [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Scores for the entire scale (emotional distress) range from 0 to 42, with higher scores indicating more distress.
-IES-R -Impact of Event Scale, Revised [42] : Risk of presenting with PTSD symptoms (3 and 6 months after the patient's death). It assesses the subjective distress caused by traumatic events. The total score ranges from 0 to 88. There are three categories of risk:
Low risk, scores ranging between 1 and 11 Moderate risk, scores ranging between 12 and 32 High risk, scores of 33 and over
Exploratory measures
The following are also measured: -Questionnaire (developed by the Famiréa group) for relatives about lifestyle disruptions (6 months) -Qualitative semi-structured interviews with family members (9 months) -Strategy checklist to assess adherence to the intervention (intervention centers only) -Questionnaire for physicians and nurses in the intervention group to evaluate the communication strategy
In each center, the local investigator will complete an ICU characteristics form.
Statistical analysis
The hypothesis is that the proactive communication strategy will decrease the proportion of relatives presenting complicated grief symptoms from 50% to 35% 6 months after the patient's death (assumed decrease). To do so, we need to recruit 454 relatives (227 in each group) to give a power of 90% and a type I error rate α of 0.05. Moreover, given it is a cluster randomized trial, a between-cluster variation must be accounted for, using an inflation factor or design effect of 1 þ ðn−1Þρ, where n is the average cluster size and ρ is the intracluster correlation coefficient assuming the clusters are of a similar size [43] . Assuming a small clustering effect (intracluster correlation coefficient = 0.05), with an estimated average recruitment of 25 subjects per cluster, the inflation factor is set at 1.55, resulting in 704 enrolled subjects. As it is expected that 25% of the relatives will be lost to follow-up at 6 months [1, 4, 21] , the sample size is increased to 874 (437 in each group).
The analysis will be done according to the intention-to-treat principle (each subject will be analyzed in the group to which they were was assigned by the randomization, regardless of whether or not it was effectively done). Descriptive statistics in each group (means, medians, or percentages as appropriate) will be used to assess any marked differences between the intervention and control groups. Point estimates with 95% confidence intervals will be reported for the primary outcome. This is a cluster randomized controlled trial, with correlation among patients from the same cluster.
The primary and secondary outcomes will be compared across randomized groups at the individual patient level, taking into account the correlation induced by the study design. The intracluster correlation coefficient or k statistic for each primary and secondary outcome will provide an indication of the extent of the clustering. Moreover, the correlation will be considered in the statistical analysis of the outcomes using mixed effects models, with both adjusted and unadjusted estimates [43, 44] .
Missing data on covariates will use the multiple imputation by chained equation. The scores will be analyzed based on original data, and when available, according to established cutoffs. All tests will be bilateral and significance will be defined as p < 0.05.
Additional analyses
The center effect will be tested. Intervention-by-subset interactions will be assessed to see whether the impact of the intervention is homogeneous or not in the three following predefined groups of relatives: being a spouse (vs. other relatives), French descent (vs. other origins), and aged over 65 years (vs. under 65). Also, a per protocol analysis will be performed for those relatives from the control group who unexpectantly received at least two of the three components of the intervention.
Qualitative analysis
All interviews will be audio-taped and transcribed verbatim. All of the transcripts will be read extensively to gain an overall understanding of participants' views and experiences. The data will then be analyzed thematically using the grounded theory methodology. Themes are not hypothesized prior to the interviews but will emerge from the respondents' words. For the data analysis, we will use open, axial, and selective coding. In open coding, researchers categorize the data from the interview transcripts into broad categories or themes. In axial coding, each category is characterized and the relationships between categories are examined. Finally, in selective coding, the categories are organized into a framework to explain a phenomenon.
Provisional timetable
Altogether, 36 centers (Additional file 1) are participating in the study. Based on the CAESAR study [1] , four or five decisions to withhold or withdraw life-sustaining therapies are managed per month by each ICU. Each ICU will recruit 25 relatives. To permit a quality follow-up of the relatives and to avoid researchers being overloaded with follow-up telephone calls, relatives are enrolled in three time periods: centers 1 to 12 recruit during the first 6 months, centers 13 to 25 start during the next 6 months, and centers 26 to 36 during the final 6 months. Hence, recruitment is expected to last approximately 18 months. The follow-up of relatives will last for a total of 24 months.
Strengths and limitations
The main difficulty in implementing this intervention aimed at improving communication and the attitudes of health-care professionals is adherence to the study protocol, since the strategy we propose concerns all members of the ICU team, including doctors and nurses. However, four strategies have been developed to limit the risk of non-adherence: (1) dissemination of a video presenting the strategy that can been seen at any time by any member of an intervention center, (2) quantitative monitoring of fidelity using a checklist for each inclusion, (3) qualitative monitoring in two ICUs by an outsider observer, and (4) regular interactions between the principal investigator and the local champions in each ICU to discuss difficulties and promote the correct implementation of the strategy.
Our study has several strengths: (1) it is a national study involving 36 ICUs, (2) it has a high number of inclusions, and (3) it is a strategy aimed at improving communication and behavior of doctors and nurses, thus increasing general awareness and changing the EOL culture.
Data monitoring
The data will be monitored by the Clinical Research Unit of Saint Louis University Hospital. The data will be managed by the Biostatistics and Medical Information Service of Saint Louis University Hospital, Assistance Publique -Hôpitaux de Paris (AP-HP).
Discussion
This study is focused on relatives of patients who died in an ICU. The psychological burden is extremely high for relatives in this context, with 50% presenting prolonged grief symptoms 6 months after the patient's death, a prevalence that is 5 times higher than in the general population of bereaved relatives. Prolonged grief and posttraumatic stress symptoms considerably diminish quality of life. Prolonged grief is considered by some specialists as a distinct mental disorder on the grounds that it is a clinically significant form of psychological distress associated with substantial disability. The psychological burden co-occurs with lifestyle and employment disruptions as well as health problems. These will be measured in both groups of relatives so that we can understand any psychological, social, and economic benefits of the intervention.
Finding strategies to lower the psychological burden specific to the ICU setting is a necessity. If the study is positive, this communication strategy could be implemented in all French ICUs to reduce the burden, to help families during the grieving process, and to help reduce the social impacts of prolonged grieving. This intervention is costless and not difficult to implement. If the results are positive, this will be an extraordinary achievement. We will have shown how to reduce the burden during one of the most painful life experiences by improving EOL practices. Introducing this strategy to hospital units with high death rates would be an interesting objective.
Trial status
The trial is currently recruiting relatives. Recruitment started on 23 February 2017.
